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[bookmark: _Hlk172316284]Materials and methods
Dynamic light scattering (DLS) and Electrophoretic light scattering (ELS)
[bookmark: _Hlk172317247][bookmark: _Hlk173160749][bookmark: _Hlk172316390]The test samples in powder form were prepared as 10 mg/L dispersions in double-distilled water (ddH2O) or simulated digestive juices (Yuanye Biological Technology, Shanghai, China). After vortexing for 10 s and sonication with a JY92-II Ultrasonic Processor equipped with a 6 mm probe (Ningbo Scientz Biotechnology Co., Ltd., Ningbo, China) for 30 min at 40% amplitude (900 J/mL), the ζ potentials of the E 171 dispersions were determined by ELS using a Litesizer 500 (Anton Paar, Graz, Austria). The hydrodynamic diameter (dH) and polydispersity index were obtained by DLS (Zetasizer Nano-S90; Malvern Panalytical, Malvern, U.K.).
Single-particle ICP-MS (spICP-MS)
An Agilent 8900 Triple Quadrupole ICP-MS instrument (Agilent Technologies, CA, USA) was used for spICP-MS detection of samples digested with a simulated digestion process. The sample introduction system used a microFAST SC (Elemental Scientific, Inc., NE, USA) injection system with a CytoNeb nebulizer and a CytoSpray chamber designed for single particle applications. This system allows the liquid to enter the ICP-MS at a shallow velocity (0.01 mL/min), resulting in a significant increase in transport efficiency (TE, 89.80 ± 5.04% using an AgNPs standard) [1]. The other instrumental parameters are shown in the Table S1. 47Ti and 48Ti were analyzed in O2 gas mode. Data were collected and processed using the Single Nanoparticle Application Module of the commercially available software, ICP-MS MassHunter (Agilent Technologies).
[bookmark: _Hlk172981785]Dissolved ionic silver standard and titanium standard were purchased from Merck KGaA (Darmstadt, Germany). Silver nanoparticles standard (RM) with a nominal diameter of 60 nm (0.02 mg mL⁻¹ in aqueous 2 mM sodium citrate) and TiO2-P25 (21 nm primary particle size (TEM), ≥99.5% trace metals basis) for spICP-MS measurements were purchased from Merck KGaA (Darmstadt, Germany). Quantification of particle size was based on a five-point calibration curve established for ionic Ti standard solutions from 0 to 20 µg/L in 2% HNO3. TiO2-P25, E 171-1, and E 171-2 were prepared as 0.1 mg/mL suspensions. The samples were vortexed for 10 s and then sonicated using a JY92-II Ultrasonic Processor equipped with a 6 mm probe (Ningbo Scientz Biotechnology Co., Ltd.) at 40% amplitude for 10 min (1140 J/mL). The samples were further diluted to 50 ng/L for spICP-MS. The diluted and filtered samples collected after each stage of saliva, gastric fluid, and intestinal fluid were further diluted for spICP-MS prior to detection. Data for 47Ti and 48Ti were combined to obtain the particle size distribution (PSD) of E 171, incorporating samples after ultrasound treatment or simulated human gastrointestinal tract digestion [2].


[bookmark: _Hlk172996877][image: ]
Fig. S1 The PSD of TiO2-P25 detected using spICP-MS.
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Fig. S2 The average daily feed intake of mice after subacute and subchronic exposure to E 171. (A) The 28-day exposure to three doses of E 171-1, n = 8. (B) The 28-day exposure to three doses of E 171-2, n = 8. (C) The 84-day exposure to three doses of E 171-1, n = 8. (D) The 84-day exposure to three doses of E 171-2, n = 8. n indicates the number of mice in each group.
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[bookmark: OLE_LINK1]Fig. S3 The body weight of mice after subacute exposure to E 171. (A) The 28-day exposure to three doses of E 171-1, n = 8. (B) The 28-day exposure to three doses of E 171-2, n = 8. n indicates the number of mice in each group.
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Fig. S4 Conventional toxicological evaluation of the effects on mice exposed to E 171-1 and E 171-2 for 28 days. (A) The coefficients of heart, liver, spleen, lung, kidney, and brain, n = 8. (B) Plasma ALT, AST, TG, TBIL, and TC levels, n = 8. n indicates the number of mice in each group.
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Fig. S5 The coefficients of heart, spleen, lung, kidney, and brain of mice exposed to E 171-1 and E 171-2 for 84 days, n = 8. n indicates the number of mice in each group.
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Fig. S6 Representative H&E staining plots of the liver of mice exposed to E 171-1 and E 171-2 for 28 days, n = 4. n indicates the number of mice in each group.
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Fig. S7 Energy dispersive X-ray spectroscopy analysis of the small intestinal (A) and liver (B) of mice after 84 days of E 171-1 or E 171-2 exposure. The presence of elemental nickel and aluminum is due to the nickel grid and the aluminum worktop, respectively.
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Fig. S8 Expression levels of DNA methylation elements and transposable factors in the liver after 84 days of E 171-1 or E 171-2 exposure. Expression levels of Dnmt3a (A), LINE-1 OEF1 (B), SINEB1 (C), and SINEB2 (D) in the liver, n = 7. n indicates the number of mice in each group.
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Fig. S9 Principal component analysis plots of CpG sites in control and middle-dose E 171-2 groups.
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Fig. S10 Clustering heat map of differentially methylated sites in the mCG context in control and middle-dose E 171-2 groups.


[bookmark: _Hlk172990258][bookmark: _Hlk172996910]Table S1. Instrumental parameters for spICP-MS analysis.
	[bookmark: _Hlk173074761]Instrumental Parameters
	Operating Conditions

	Power RF
	1550 W

	Nebuilzer
	CytoNeb nebulizer

	Spray chamber
	CytoSpray chamber

	Flow nebuilzer
	0.65 L/min

	Sample flow rate
	0.01 mL/min

	Mass shift
Q1: quadrupole 1
Q2: quadrupole 2
	47Ti (Q1:47, Q2:63)
48Ti (Q1:48, Q2:64)

	Dwell time
	100 μs

	Total acquisition time
	60 s

	Transport efficiency range
	89.80 ± 5.04 %

	Density
	3.9 g/cm3

	Mass fraction particle/analyte
	1.67




Table S2. The planned and actual oral exposure doses of E 171. 
	
	
	
	
	28-day
	84-day

	TiO2
	Dosage
	Planned dose (mg/kg bw per day)
	TiO2 content in feed (g/kg)
	Average daily feed intake during the exposure (g/g bw per day)
	Actual dose* (mg/kg bw per day)
	Average daily feed intake during the exposure (g/g bw per day)
	Actual dose* (mg/kg bw per day)

	Control
	---
	0
	0
	0.099 
	0
	0.113 
	0

	E 171-1
	Low
	8
	0.08
	0.113 
	9 
	0.124 
	10 

	
	Middle
	80
	0.8
	0.113 
	91 
	0.113 
	91 

	
	High
	320
	3.2
	0.124 
	397 
	0.129 
	414 

	E 171-2
	Low
	8
	0.08
	0.120 
	10 
	0.119 
	10 

	
	Middle
	80
	0.8
	0.114 
	91 
	0.124 
	99 

	
	High
	320
	3.2
	0.111 
	354 
	0.126 
	402 


*The actual dose was calculated based on the average daily feed intake and the E 171 content in each feed sample with the formula as Actual dose (mg/kg bw per day) = Average daily feed intake (g/g bw per day) × E 171 content in feed (g/kg) × 1000.

Table S3. The primer sequences were used for RT-qPCR amplification.
	Gene name
	Forward primer
	Reserve primer

	Dnmt1
	5'-AGAGACCAGGATAAGAAACGCA-3'
	5'-CTCCTTTGATTTCCGCCTCAAT-3'

	Dnmt3a
	5'-GGCCGAATTGTGTCTTGGTG-3'
	5'-CAAACCCACCTGAGGCTGTT-3'

	Tet2
	5'-CTCCTCTCCAAGCCGTGACAATG-3'
	5'-GGCGTGGTTCTCCGATTCTGC-3'

	Tet3
	5'-TGCGGTGCCTCCTTCTCCTTC-3'
	5'-CCTCCTCCTCCTTCGGATTGTCTC-3'

	LINE-1 ORF1
	5'-GAACCAAGACCACTCACCATCA-3'
	5'-CCCTGGACTGGGCGAAGT-3'

	LINE-1 ORF2
	5'-TTTGGGACACAATGAAAGCA-3'
	5'-CTGCCGTCTACTCCTCTTGG-3'

	SINEB1
	5'-GTGGCGCACGCCTTTAATC-3'
	5'-GACAGGGTTTCTCTGTGTAG-3'

	SINEB2
	5'-GAGATGGCTCAGTGGTTAAG-3'
	5'-CTGTCTTCAGACACTCCAG-3'

	Rps29
	5'-GGAGTCACCCACGGAAGT-3'
	5'-TCCATTCAAGGTCGCTTAGTC-3'

	Gapdh
	5'-AGGTCGGTGTGAACGGATTTG-3'
	5'-TGTAGACCATGTAGTTGAGGTCA-3'




Table S4. Characterization of the E 171-1 and E 171-2.
	TiO2
	Suspension
	dH [nm]a)
	PDIb)
	ζ Potential [mV]

	E 171-1
	Water
	282.8 ± 6.9
	0.183 ± 0.039
	[bookmark: _Hlk172985240]−11.8 ± 0.9

	
	Artificial saliva juice
	1022.2 ± 10.4
	0.064 ± 0.046
	−13.0 ± 0.5

	
	Artificial gastric juice
	591.4 ± 10.6
	0.195 ± 0.110
	15.6 ± 0.7

	
	Artificial intestinal juice
	587.2 ± 13.0
	0.133 ± 0.098
	−29.5 ± 1.8

	E 171-2
	Water
	543.8 ± 25.4
	0.191 ± 0.081
	−13.7 ± 0.9

	
	Artificial saliva juice
	975.6 ± 63.7
	0.209 ± 0.057
	−13.8 ± 0.7

	
	Artificial gastric juice
	940.9 ± 39.3
	0.138 ± 0.031
	14.4 ± 0.6

	
	Artificial intestinal juice
	680.4 ± 2.4
	0.222 ± 0.022
	−19.6 ± 0.9


a) (Hydrodynamic diameter, indicated by intensity); b) (Polydispersity index).


[bookmark: _Hlk172997644]Table S5. Main descriptors of the number-based PSD of E 171-1 and E 171-2.
	Sample
	Mean Particle Diameter (nm)
	D10 (nm)
	D50 (Median) (nm)
	D99.5 (nm)
	Particles < 100 nm (%)
	Particles < 250 nm (%)

	E 171-1
	126 
	97 
	123 
	223 
	17 
	100 

	Artificial saliva juice
	145 
	119 
	143 
	220 
	0 
	100 

	Artificial gastric juice
	130 
	115 
	129 
	170 
	0 
	100 

	Artificial intestinal juice
	118 
	100 
	111 
	209 
	9 
	100 

	E 171-2
	126 
	100 
	124 
	205 
	10 
	100 

	Artificial saliva juice
	166 
	121 
	141 
	668 
	0 
	93 

	Artificial gastric juice
	150 
	131 
	148 
	185 
	0 
	100 

	Artificial intestinal juice
	129 
	103 
	124 
	228 
	1 
	100 




Table S6. Number of clean reads generated by WGBS for each sample.
	Sample
	Clean Reads
	Q20 (%)
	Unique mapped
	Mapping ratio (%)
	Conversion ratio (%)

	Control 1
	998184036
	94.77
	614150856
	70.48
	99.52

	Control 2
	1003694604
	93.22
	612256450
	69.34
	99.53

	Control 3
	741934038
	94.37
	452741742
	69.56
	99.54

	E 171-2 1
	608638692
	94.64
	371295408
	70.04
	99.52

	E 171-2 2
	661935320
	95.65
	408591840
	70.40
	99.52

	E 171-2 3
	609754242
	93.36
	379924738
	71.76
	99.52
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